Abstract: This paper investigates the role of FDI in international knowledge diffusion with a focus on the evolution of the comparative advantage of FDI-host and FDI-source countries. We use data on 99 countries, which leads to 876 country pairs, over the 2001 to 2012 period. Spatial autoregressive (SAR) models are used to investigate the impact of bilateral FDI on the similarity of the comparative advantage between the host and source countries. Empirical results show that the effect of the bilateral FDI on the evolution of the comparative advantage of the host and source countries is statistically significant. Specifically, the larger the scale of bilateral FDI, the more similar the comparative advantage between the host and source countries becomes. We also find that the impact of FDI on international knowledge diffusion is heterogeneous across country pairs and this effect varies across the development gap between the source and host countries. In the case of countries that are not very different in terms of their level of economic development, bilateral FDI has a relatively more significant effect on the similarity of the comparative advantage between countries. Moreover, we find that the similarity of the comparative advantage is spatially correlated, and FDI linkages between country pairs strengthen the spatial correlations.
Introduction
Globalization has had a far-reaching impact on trade and living standards over the past few decades, while foreign direct investment (FDI) flows have multiplied as well. From 1980 to 2016, FDI outflows increased by 26 times worldwide. For developed countries, the FDI outflows in 2016 were 139 times more than they were in 1980, and the FDI inflows were 86 times more. Whereas for developing countries, both the FDI outflows and inflows in 2016 were about 20 times more than they were in 1980. Moreover, between 1980 and 2016, the growth rate of FDI was higher than that of trade and gross domestic product (GDP) [1] , the annual growth rate of FDI outflows reached 14%, which is twofold the annual growth rate of exports and threefold the annual growth rate of GDP.
FDI is not only a critical driver of global sustainable economic growth, but also plays a vital role in narrowing the economic development gap between the North and South. FDI is the largest and most stable source of external funding for developing countries, and, more importantly, it is also a significant source of advanced technology, which is of great importance to the structural transformation and upgrading of developing countries. Since Hymer [2] , FDI is widely regarded as a "package" that involves a flow of capital, management, and knowledge, rather than just the international asset transactions. Moreover, "knowledge assets" is believed to be the core advantage of multinational corporations [3] , which provides a foundation for examining the role of FDI in international knowledge transfer and diffusion.
FDI-related knowledge diffusion includes horizontal diffusion and vertical diffusion [4] . The former refers to the knowledge diffusion generated by multinational corporations through the linkages with local intra-sector firms, and the latter refers to the diffusion of knowledge generated by multinational corporations through contacts with local inter-sector firms, including upstream and downstream firms.
Caves [5] pioneered the study of horizontal knowledge diffusion of FDI. Using the cross-sectional data of the manufacturing industry in Canada and Australia in 1966, he found that the productivity of local firms is positively associated with the scale of FDI, and thus he concluded that multinational corporations may have a knowledge diffusion effect on local competitors in the host market. This finding provides early evidence for the role of FDI in international knowledge diffusion. Since then, a large number of follow-up studies have drawn similar conclusions [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . A few also found out that FDI has no significant or even negative impacts on the productivity of local firms due to its "crowding-out effect" [19] [20] [21] [22] [23] [24] [25] .
Meanwhile, Lall [26] found that when multinational companies operate in the host countries, they not only have linkages with local rivals in the same sector, but also have linkages with upstream and downstream firms in different sectors. These backward and forward linkages may become an important channel for international knowledge diffusion of FDI. Many empirical studies have provided evidence for vertical knowledge diffusion effects through forward and backward linkages with local firms [23, 24, [27] [28] [29] [30] [31] [32] . However, some studies also found that multinational companies have a negative impact on the productivity of local firms through vertical linkages [33, 34] .
In most recent studies, scholars have investigated the nonlinear effects of FDI on knowledge diffusion. Spencer [35] argued that FDI has a U-shaped effect on the productivity of local firms. Specifically, in the short term, due to the "crowding-out effect" from fierce competition, FDI negatively affects the productivity of local firms. In the long run, FDI will eventually lead to a positive impact on local companies through horizontal spillovers. Based on the data of China's manufacturing sector over the period of 2006-2009, Li and Tanna's [36] study provides evidence for a U-shaped effect of FDI on local firms at both horizontal and vertical linkage levels. On the contrary, using the data of manufacturing firms in China during 1998-2007, Xiao and Park [37] found that the effect of FDI on local firms' productivity exhibits an inverted U-shape instead. They argued that FDI has a positive impact in the short-term due to knowledge diffusion effects, but with the weakening of the knowledge diffusion over time, the "crowding-out effect" will finally dominate and make the net effect negative.
While a considerable amount of literature has produced a broad range of findings on the knowledge diffusion effect of FDI, most studies on FDI knowledge diffusion have focused on the perspective of host countries, and paid little attention to the impact of FDI on the relative competitive position between the FDI-host and FDI-source countries owing to knowledge diffusion. However, in the sustainability analysis of the impact of FDI on the convergence between the North and South, the perspective of source countries becomes equally important as the knowledge diffusion of FDI may weaken the competitive position of source countries. Moreover, previous studies have traditionally intended to capture the attribute of the knowledge diffusion effect based on the analysis of local productivity, and some recent studies have alternatively used patent applications, patent counts, or patent citations as measures of the knowledge diffusion effect of FDI [38] . While these measures provide an insightful assessment regarding the extent of the knowledge diffusion effect of FDI, to fully explore the effect of FDI on international knowledge diffusion, it is essential to account for other measures reflecting the relative competitive position between the FDI-host and FDI-source countries. Since the international knowledge diffusion can affect the comparative advantages of both source and host countries, this paper aims to study the role of FDI in knowledge diffusion by paying special attention to the evolution of the comparative advantages between the host and source countries.
Our study can provide new evidence for the role of FDI in international knowledge diffusion, and help understand the effect of FDI on the world distribution of income.
The remainder of this paper is organized as follows. Section 2 develops the hypotheses on the role of FDI in international knowledge diffusion from the viewpoint of the evolution of comparative advantages. Section 3 discusses the variable measurements and estimation specifications. Section 4 implements the spatial autoregressive (SAR) model to test the hypotheses. Section 5 summarizes the main conclusions, policy implications, and limitations.
Hypothesis Development

The General Effect of FDI on the Pattern of Comparative Advantage
The form of spatial diffusion of knowledge is different with the type of knowledge. Some knowledge is explicit and thus can be transmitted in an indirect way, such as international trade of goods and services. Some knowledge is disembodied and tacit, however, and can be transferred only in the form of more direct contacts [39] . Since tacit knowledge plays a significant role in the economic growth and the distribution of income, the international diffusion of tacit knowledge has long been of central interest for scholars and policymakers.
Since Hymer [2] pointed out the significant difference between foreign indirect investment and foreign direct investment (FDI), the role of FDI in the international diffusion of tacit knowledge has been increasingly recognized. First of all, unlike foreign indirect investment, FDI is not only the transnational flows of physical capital, but also the flows of knowledge, human capital, and management. Thus, it can be a carrier of tacit knowledge diffusion between the source and host countries. Moreover, compared with local firms in the host countries, multinational corporations have the advantage of "knowledge assets", which is the core advantage of multinational corporations, so they can generate knowledge diffusion. There are two basic types of international knowledge diffusion of FDI: Horizontal diffusion and vertical diffusion.
Horizontal knowledge diffusion of FDI occurs within the sector mainly through the demonstration effect, workers' mobility, and competition effect [4] . The demonstration effect suggests that local firms can learn by imitating the operations of multinational companies in the host market. Workers' mobility means that when the local workers employed by multinational companies move to local firms or start their own business, technological and managerial expertise can flow from multinational companies to local firms. The competition effect occurs when the entry of multinational companies forces local firms to improve their productivity through technological innovation or other measures.
Compared with horizontal diffusion, vertical diffusion of FDI mainly occurs through backward and forward linkages [26, 28] . Backward linkages refer to the linkages of multinational companies with local upstream firms. In order to reduce the operation costs in host countries, multinational corporations usually intend to cooperate with local suppliers of intermediate inputs, and voluntarily provide technical guidance and training to the suppliers, such as product design, quality control, and inventory management, thus generating knowledge diffusion through backward linkages. Forward linkages refer to the linkages between multinational companies and local downstream firms. Local customers of multinational companies can benefit from spillovers embodied in products and processes. Furthermore, to promote the marketing of their products, multinational companies are willing to provide some post-sale technological services to the local customers (downstream firms), thus generating knowledge diffusions through forward linkages.
As FDI plays a significant role in international knowledge diffusion, the following question is how this effect will influence a country's trade pattern. According to the Ricardian framework of the comparative advantage model, the pattern of trade reflects the differences in productivity between countries. Each country exports the products in which it is relatively more productive and imports the products in which it is relatively less productive. Ceteris paribus, if a country relatively increases its productivity in a product, it will be more likely to become a potential exporter of that product. The international diffusion of knowledge can affect the differences in productivity between countries, thus affecting the comparative advantage and trade pattern across countries. Considering the role of FDI in international knowledge diffusion, two countries with the linkages of FDI should have similar patterns of comparative advantage, and, therefore, will be exporting similar baskets of goods and services. Based on this, against no effect, we propose the following hypothesis: Hypothesis 1 (H1). Bilateral FDI affects the similarity of the comparative advantage between the host and source countries. The larger the bilateral FDI, the more similar the comparative advantage between the host and source countries.
The Heterogeneous Effect of FDI on the Pattern of Comparative Advantage
While a large number of studies provided evidence for the role of FDI in knowledge diffusion, many studies also illustrated that the significance of this effect is determined by the absorptive capacity of host countries [21, 24, 30, 37, 40] , which suggests that the effect of FDI on knowledge diffusion is heterogeneous across the country pairs. The absorptive capacity is defined as a dynamic capability pertaining to knowledge creation and utilization that enhances a firm's ability to gain and sustain a competitive advantage [41] . According to the theories of absorptive capacity, regardless of whether the knowledge diffusion of multinational companies is voluntary or not, due to the stickiness of knowledge diffusion, the external knowledge will not be easily converted into a local firm's internal knowledge. The extent of knowledge diffusion depends on the absorptive capacity of host countries.
The ability of the host country to absorb FDI's knowledge spillovers is determined by several factors. The first is the technological gap between the source and host countries. The existence of the technological gap is a prerequisite for knowledge diffusion, but the technological gap can also become an obstacle to knowledge absorption [10] . The greater the technological gap between the source and host countries, the more difficult it is for the host countries to absorb the knowledge spillovers of FDI [42] . Another factor is the accumulation of human capital in the host countries. Teece [43] found that even if the technological gap between the source and host countries is large, as long as human capital flourishes in the host countries, FDI can be still helpful for the technological progress of local firms. Moreover, previous research also found out that there is a human capital "threshold effect" in the knowledge diffusion of FDI: The host countries can only benefit from the knowledge diffusion of FDI when the accumulation of human capital reaches a certain level [9, 44] . Moreover, the absorptive capacity is also associated with market maturity of the host countries. To maintain their market share in the host countries, the multinational corporations will usually use their monopoly power to prevent the local firms from absorbing the knowledge spillovers of FDI. The extent of the dominance of multinational corporations depends on the market maturity of the host countries. The better the host country's market mechanism performs, the less likely the multinational corporations are to monopolize the host countries' market. Therefore, the market maturity of the host countries will affect whether local firms can benefit from the multinational corporations [45] . The last factor is the difference in social background between the source and host countries. Some knowledge is usually rooted in the social context in which they emerged, such as the legal system, education system, cultural background, and labor market rules. It is usually not easy for the host countries to absorb FDI's knowledge spillovers unless they have a similar social background with the source countries [46] .
Since knowledge diffusion of FDI depends on the absorptive capacity of the host countries, the effects of FDI on the similarity of comparative advantages can vary across the country pairs with different development gaps. For a long time, in the "South-North" FDI flows, the source of FDI was mainly the developed countries [1] , hence the technological gap and social background between the host and source countries were relatively large. On the other hand, most developing countries have limited accumulation of human capital and often experience a significant loss of human capital. In addition, developing countries are usually less marketized and their markets are more likely to be monopolized by multinational corporations. Therefore, if FDI occurs between "South-North" countries, the knowledge diffusion effect of FDI will be relatively weak, and the effects of bilateral FDI on the similarity of the comparative advantage will be less significant. However, if FDI occurs between "South-South" countries, two parties are more likely to have a smaller technological gap and exhibit a similar social context. Moreover, the narrower the technological gap between two parties, the lower the requirements for the accumulation of human capital and market maturity. Therefore, the effects of bilateral FDI on the similarity of comparative advantages between the "South-South" countries will be more significant. Finally, if FDI occurs between the "North-North" countries, the technological gap and social background difference between the host and source countries are relatively small. On the other hand, the accumulation of human capital and market maturity in both parties is relatively high. Thus, we would expect that the knowledge diffusion effect of FDI to be more significant in the "North-North" country pairs. Based on the above discussion, we propose the following theoretical hypothesis:
Hypothesis 2 (H2).
The effects of FDI on the similarity of comparative advantages are heterogeneous across the country pairs. The "North-North" and "South-South" FDI have more significant effects on the similarity of comparative advantages between the host and source countries than "South-North" FDI.
FDI and the Spatial Correlation of the Pattern of Comparative Advantage
Spatial correlation is frequently considered in the fields that observations from nearby locations often share more common attributes than would be expected on a random basis, and it is also often highlighted in the relevant research on the regional economics [47] . It is essential to investigate the spatial correlation of comparative advantage, because if the pattern of comparative advantage does not spill over, the FDI location in one country may endanger the comparative position of adjacent areas, which may discourage regional corporations in attracting foreign capital inflows.
The pattern of comparative advantage can be spatially correlated between nearby countries for at least three reasons. First, adjacent areas are more likely to have similar resource endowments, and then develop a similar pattern of comparative advantage. Second, the economic policies of neighbors can influence the relative competitive position, so if neighboring countries alter their policies, other countries may feel competitive pressure to implement similar policies [48, 49] , which also can lead to a similar pattern of comparative advantage between neighboring countries. Finally, neighboring countries can more easily share knowledge. Due to relatively low mobility costs, adjacent areas are more likely to incur bilateral flows of goods and production factors, thereby having a higher spatial correlation of comparative advantage. Some studies have found that the diffusion of knowledge tends to decay with geographical distance, where they measured the knowledge diffusion by using patent citations [50] , research and development (R&D) output [51, 52] , or total factor productivity [53] . In a recent study, Bahar et al. [54] investigated the impacts of geographical distance on knowledge diffusion by examining the evolution of comparative advantage, and found that neighboring countries share more knowledge, and have a higher similarity of comparative advantages.
Concerning the above spatial correlation, we expect that the similarity of comparative advantages between a country pair should be correlated to that of another country pair, and the spatial correlation between country pairs should be negatively associated with the average geographic distance between country pairs. In addition, since FDI is an essential channel for international knowledge diffusion, we expect that the spatial correlation of the comparative advantage similarity will be influenced by FDI linkages between country pairs. In particular, the spatial correlation of the comparative advantage similarity should be more significant for country pairs with FDI linkages. Therefore, we propose the following hypothesis:
Hypothesis 3 (H3).
The FDI linkages between the country pairs can strengthen the spatial correlation of the similarity of comparative advantages. In other words, the country pairs with FDI linkages have more significant spatial correlations in the similarity of comparative advantages.
Estimation Specifications
Measurement of the Similarity of Comparative Advantages
Following Bahar et al.'s [54] study, we used the revealed comparative advantage (RCA) to measure the comparative advantage, and also employed the correlation coefficient of comparative advantage between two countries to measure their similarity of comparative advantage. That is:
where RCA c,p is the revealed comparative advantage of country c in product p, and X c,p denotes the export of country c in product p.
where S c,c is the similarity of comparative advantages between two countries, c and c , and r c,p = ln(RCA c,p ). r c is the average of r c,p over all products in country c. The reason for choosing the log form is to prevent the correlation from being affected by the few products with a very high RCA. 
Specification of the Econometric Model
To account for the spatial correlations between the country pairs, we used the spatial autoregressive (SAR) model to analyze the effects of FDI on international knowledge diffusion. The SAR model is widely applied to cases where outcomes of a spatial unit at one location depend on those of its neighbors. The estimation model for testing the hypothesis, H1 and H3, is as follows: where the dependent variable, S c,c ,t , is the similarity of comparative advantages between two countries, c and c , in period t, which is in its logarithmic form. ε is the error term following log-normal distribution.
FDI c,c ,t represents the sum of bilateral FDI between country c and c at time t, which is also in its logarithmic form. We investigated the effects of FDI flow and stock, respectively. If the coefficient, β, is positive, then the data support hypothesis H1. The data on bilateral FDI were sourced from the UNCTAD database. S q,q ,t is the similarity of the comparative advantage of any other country pairs at time t. W is the weight matrix that accounts for the spatial relationships (dependencies) among the spatial data. ρ is the spatial autoregression (autocorrelation) parameter. ρ(W × S q,q ,t ) is the spatial autocorrelation term that models the strength of the spatial dependencies among the elements of the dependent variable. Based on the information of the geographical distance, we constructed two spatial weight matrices: W1 and W2. We let W2 contain information on FDI linkages between country pairs, which was used to test the hypothesis, H3.
Distance c,c represents the logarithmic transformation of the geographical distance between the biggest city (measured in population) of two countries, c and c . The data on the geographical distance was derived from the Center for Research and Expertise on the World Economy (CEPII) database. According to the study by Bahar et al. [54] , the similarity of comparative advantages will decay with geographical distance between countries.
We
it takes the value of one, otherwise zero. We expect that the existence of commonalities should be positively associated with the similarity of the comparative advantage between two countries. The data on the above three dummy variables was compiled from the CEPII database.
DGDPPC c,c ,t represents the absolute value of differential in the logarithmic values of the real GDP per capita between two countries in period t. It was used to measure the gap of economic development between two countries. According to the trade theory of preference similarity [55] , countries with a similar income level have a similar trade pattern. Therefore, the gap of the development level should be negatively associated with the similarity of the comparative advantage. The data in real GDP per capita (2010 constant dollars) were from the World Bank database.
DPOP c,c ,t is the absolute value of differential in the logarithmic values of the population between two countries, c and c , in period t, which was used to measure the similarity of the market size between the two countries. According to the new trade theory, market size is also an important determinant for the pattern of comparative advantage. The closeness of the market size is expected to be positively associated with the similarity of the comparative advantage. The data on the population was derived from the World Bank database.
DPCPW c,c ,t represents the absolute value of differential in the capital-labor ratio, which takes the logarithmic form between c and c in period t. DHCPW c,c ,t is the absolute value of the differential in the average education level in the logarithmic form between two countries in period t. DLPW c,c ,t is the absolute value of differential in the land-labor ratio in the logarithmic form between countries c and c in period t. These three variables were used to control the differentials in resource endowments between two countries. According to the neoclassical trade theory, the lower the difference in resource endowments, the higher the similarity of the comparative advantage.
In order to test to whether FDI's knowledge diffusion effect is heterogeneous across country pairs, which is the hypothesis H2, we introduced an interaction term between FDI and a dummy variable, where if the parameter of the interaction term, β, is significantly positive, then the bilateral FDI are more likely to have a positive effect on the similarity of comparative advantages between two countries with a similar development level. In other words, two countries with a similar development level absorb each other's FDI knowledge spillovers more easily. The identification of developed and developing countries follows the standard of the International Monetary Fund (IMF), where 39 countries are classified as developed countries.
Spatial Weight Matrix
Since the sample is an unbalanced panel data, we constructed 12 small spatial sub-matrices for 12 periods of 2001-2012, and then combined 12 small sub-matrices into an aggregated diagonal matrix. w ijt is an item of a sub-matrix for period t, where i represents the country pair of c and c , and j denotes the country pair of q and q , then: (5), w ijt = 0.00028. Unlike the neighborhood matrix formation, which only considers whether two countries are adjacent, the spatial weight matrix in this paper contains more geographical information. Based on the discussion above, the spatial weight sub-matrix for period t, W t , is constructed as follows:
where the geographical distance between the country pair i and itself is zero. Using 12 small sub-matrices for 12 periods from 2001 to 2012, we then aggregated them into a final diagonal matrix, W, as follows:
where the elements along the diagonal line are composed of 12 small sub-matrices, and the off-diagonal is filled by sub-matrices containing only zeroes. The elements of the spatial matrix, W, were standardized. In order to test the hypothesis, H3, based on matrix (7), we needed to set up another spatial matrix that incorporated the bilateral FDI information between country pairs. If any country in the country pair, i, is also in the country pair, j, we used formula (5) to calculate the spatial weight between the country pair, i and j. However, if none of the countries in the pair, i, are included in the pair, j, the spatial weight between the country pair, i and j, is set to zero. For example, for the country pair of China-US vs China-Japan, we used the geographical distance between China and the United States, Japan and China, and Japan and the United States to calculate the spatial weight between the two country pairs. For the country pair of China-US vs. Japan-Korea, the spatial weight between the two country pairs was set to zero. This spatial matrix contains the information on bilateral FDI linkages, which can be used to investigate the spatial spillover effects of FDI's knowledge diffusion.
We defined W1 as the spatial matrix without considering bilateral FDI linkages, and W2 as the spatial matrix incorporating information on bilateral FDI between country pairs. Figure 1 is the image of the matrix, W1 and W2, simulated using Matlab, where both W1 and W2 are a diagonal matrix of 5282 × 5282. The number of observations in 2001 was the smallest, which contained 309 observations, while the sample size in 2007 being the biggest, which was composed of 546 observations. Sustainability 2019, 11, 581 9 of 18
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Figure 1. The image of the spatial weight matrix
We implemented Moran's I index to test the spatial autocorrelation against the null hypothesis that the data is randomly distributed. Results are presented in Table 1 , which reject the null hypothesis at the 1% level of significance, suggesting that the dependent variable is spatially correlated in the sample. 
Data and Descriptive Statistics
Mainly due to the data limitation of bilateral FDI (stock and flow), the data set used in our study consists of 99 countries and 876 country pairs over the period of 2001-2012. It includes 36 developed countries and 446 country pairs with similar economic development levels.
The descriptive statistics are presented in Table 2 . As can be seen, the correlations between most of the independent variables are low. The mean for all variables is positive and falls within the interval [0, 2] . Specifically, the mean of comparative advantage similarity is 0.17, which implies that for most countries, their comparative advantages are positively correlated with each other. In addition, the standard deviation of all variables is small, which is helpful to exclude the impacts of outliers. We implemented Moran's I index to test the spatial autocorrelation against the null hypothesis that the data is randomly distributed. Results are presented in Table 1 , which reject the null hypothesis at the 1% level of significance, suggesting that the dependent variable is spatially correlated in the sample. 
The descriptive statistics are presented in Table 2 . As can be seen, the correlations between most of the independent variables are low. The mean for all variables is positive and falls within the interval [0, 2]. Specifically, the mean of comparative advantage similarity is 0.17, which implies that for most countries, their comparative advantages are positively correlated with each other. In addition, the standard deviation of all variables is small, which is helpful to exclude the impacts of outliers.
For the similarity of the comparative advantage, the minimum value is -0.81, which takes place between Algeria and the United States, and the maximum is 0.91 (between Austria and Slovenia). Notes: *** denotes the significance level of 1%, ** denotes the significance level of 5%, and * denotes the significance level of 10%.
Estimation Results
The General Effect of FDI on the Pattern of Comparative Advantage
In this part, based on the econometric model (I), this paper performed SAR regression to test the hypotheses H1 and H3. We also provide the OLS estimation results to compare with the results from the SAR regression. The FDI stock and flow were used as the explanatory variable, respectively. Table 3 presents the regression results using the FDI stock as the explanatory variable. Column (1) shows the OLS regression results without incorporating the spatial autoregression term, while column (2) and (3) are the SAR regression results from including the spatial autoregression term. As shown in the OLS regression results, the coefficient of FDI stock is significantly positive at the level of 1%, and a 1% increase in the stock of bilateral FDI will improve the similarity of the trade pattern by 2%. This result supports the theoretical hypothesis, H1, that is, bilateral FDI will affect the pattern of the comparative advantage of the host and source countries, and the larger the bilateral FDI, the more similar the comparative advantages.
All control variables significantly affect the similarity of comparative advantage except for Colonizer (colonial relationship) and DLWP (land endowment). The coefficient of Distance (geographical distance) is negative, which is in line with the theoretical expectation that the international knowledge diffusion of FDI decays with geographical distance. For another geographical variable, Border, its coefficient is significantly positive, implying that two countries sharing a border are more likely to have the similar pattern of comparative advantage. The coefficient of the dummy variable, language, is positive, which confirms the prediction that speaking a common language can improve international knowledge diffusion. The gap of economic development, DGDPPC, has a negative impact on the similarity of trade pattern, which is consistent with the theoretical prediction. The differences in the market size and physical capital are positively associated with the similarity of the comparative advantages, which deviates from the theoretical expectation. As expected, the impact of the human capital differential on the similarity of the comparative advantage is significantly negative.
Column (2) of Table 3 shows the regression results of the SAR model using the spatial weight matrix, W1. As can be seen, after including the spatial autoregression term in the regression, the coefficient of the FDI stock is still significantly positive at the level of 1%, but it becomes smaller than the result from OLS regression. For the control variables, their signs and significance levels are quite similar to the results from OLS regression. The coefficient of the spatial autoregression term is positive and significant at the level of 1%. This result confirms that the similarity of the comparative advantage is spatially correlated between country pairs, and this correlation decays with the average geographical distance between country pairs. Specifically, one unit of increase in the similarity of the trade pattern between other countries will cause the similarity of the observed country pair to increase by 0.463. The regression results of the SAR model using the spatial weight matrix, W2, are reported in column (3) . The coefficient of the FDI stock continues to be positive and significant at the level of 1%, which further supports the impact of FDI on the pattern of the comparative advantage. For the control variables, the estimation results are very similar to the case of the OLS regression and the SAR regression using the spatial weight matrix, W1. The coefficient of the spatial autoregression term is significantly positive at the level of 1%. Specifically, it is 0.658, which is greater than the value of 0.463 as in the case of estimation using the spatial weight matrix, W1. Thus, the result confirms the theoretical hypothesis, H3, that the FDI linkages between country pairs will strengthen the spatial correlation of the similarity of comparative advantages. Table 4 reports the estimation results using the FDI flow as the explanatory variable. Similar to Table 3 , we provide the estimation outcomes from OLS, SAR (W1), and SAR (W2). Across the three models, the coefficient of FDI flow is positive and significant at the 1% level, which again supports the hypothesis, H1. The coefficient of the spatial autoregression term in both SAR (W1) and SAR (W2) models is significantly positive, which strongly indicates that the similarity of the comparative advantage is spatially correlated between country pairs. Moreover, the coefficient of the spatial auto-regression term in SAR (W2) is still larger than the case of the SAR (W1), which further confirms the hypothesis, H3. The signs and significance levels of other control variables are largely consistent from the results in Table 3 . The main change is that the colonial relationship is no longer significant in the case of using the FDI flow as the explanatory variable. 
The Heterogeneous Effect of FDI on the Pattern of Comparative Advantage
We employed the econometric model (II) to test the hypothesis, H2, regarding whether the impact of FDI on international knowledge diffusion is heterogeneous across country pairs due to the absorptive capability. We still used the FDI stock and flow as the explanatory variable, respectively. The SAR estimation results are shown in Table 5 , and SAR(W1) and SAR(W2) were again used to represent two cases of spatial matrix.
Across the four SAR models, the coefficients of the interaction term of FDI and the dummy variable are all positive and significant at the 1% level, implying that compared with "North-South" FDI, "North-North" and "South-South" FDI are more likely to influence the similarity of the comparative advantage. This result is highly consistent with the hypothesis, H2. We also find that the coefficient of the interaction term of FDI in SAR (W2) is consistently lower than the result in the case of SAR (W1).
The empirical results in Table 5 suggest that the heterogeneity of FDI's effect on the similarity of country pairs is highly robust. In addition, as shown in Table 5 , the coefficient of the spatial autoregression term is significantly positive at the 1% level across all regressions, and it is consistently higher in the case of using W2 as the spatial weight, which further supports the hypothesis, H3. 
Discussion and Limitations
The impact of FDI on cross-border knowledge diffusion has long been the subject of intense debate among researchers. Most studies on FDI knowledge diffusion have adopted the perspective of host countries in an attempt to investigate how inward FDI sustains the growth of host economies, and paid little attention to the impact of FDI on the relative competitive position between the host and source countries. Unlike the existing literature, while examining the FDI knowledge diffusion, this paper focuses on the impact of FDI on the relative competitive position between the FDI-host and FDI-source countries by paying special attention to the evolution of the comparative advantage of both the source and host countries. Using a sample consisting of 99 countries, 876 country pairs, and 5282 observations during the period of 2001-2012, we implemented the spatial autoregressive model to estimate the impacts of bilateral FDI on the similarity of the comparative advantage between the host and source countries.
The empirical results show that the bilateral FDI is associated with the similarity of the comparative advantage between the source and host countries; specifically, the larger the bilateral FDI, the more similar the comparative advantages between any two countries will be. This result not only confirms the favorable role of FDI in global knowledge transfer and diffusion that is emphasized by a large number of previous studies since Caves [5] , but also suggests that FDI has an impact on the relative competitive position of the host and source countries; in particular, it can promote the convergence of the competitive position of the host and source countries.
Moreover, we find that the impact of bilateral FDI on international knowledge diffusion is heterogeneous across country pairs, and varies according to the development gap between the source and host countries. In particular, "North-North" and "South-South" FDI has a more significant impact on the similarity of the comparative advantages of country pairs than "South-North" FDI. This result supports the prediction that the significance of the knowledge transfer of FDI is associated with the absorptive capability of host countries, which has also been highlighted in previous relevant literature [21, 24, 30, 37, 40] . Furthermore, we find that the similarity of the comparative advantage is spatially correlated between country pairs and this correlation decays with the geographical distance between country pairs. This empirical result is in line with the previous finding that there is a spatial spillover effect of knowledge, and neighboring countries share more knowledge [54] . Finally, we find that FDI linkages between country pairs can strengthen the spatial correlations of comparative advantage similarity. In other words, the country pairs with FDI linkages have more significant spatial correlations in the similarity of comparative advantages. This result further confirms the favorable effect of FDI flows on international knowledge diffusion.
Our study provides some compelling implications for policymakers. First, FDI can indeed help the host countries to develop their comparative advantage in modern industries and promote the transformation and upgrading of economic structure. This implies that to achieve sustainable economic growth, developing countries are expected to take further steps to liberalize their domestic markets, and correspondingly attract more foreign capital inflows. Second, FDI can reduce the level of income inequality across country groups, especially by narrowing the income gap between the developed and developing countries. Therefore, in order to promote the convergence of income per capita across countries, policies need to be designed to encourage global FDI flows between developing and developed countries. Furthermore, considering the spatial correlations of FDI's knowledge diffusion, developing countries should promote more in-depth regional cooperation and create a sound business environment for FDI flows within the adjacent regions. Finally, against the background of the surge of anti-globalization in some developed countries, developing countries can benefit in strengthening the "South-South" FDI to tackle the problem of trade protectionism.
We close our discussion by addressing the following caveats and limitations, which can be extended in further research. First, the measurement of competitive advantage in our study does not capture trade with processing goods, because "what countries export may be very different from what they actually contribute to the production process" [56] . It will be interesting if future studies could distinguish general trade from processing trade when measuring the competitive advantage. Next, due to the data limitation, we do not distinguish horizontal FDI from vertical FDI; given the difference between horizontal and vertical knowledge diffusion, it would be very valuable if further research could investigate the respective impacts of the two types of FDI on the similarity of the comparative advantage between the source and host countries. Finally, because of the empirical strategy, we did not examine the impact of FDI on the dynamics of export similarity. Future studies could use a dynamic analysis to study how FID makes the host countries add a particular product to their export basket or improve their comparative advantage in a particular product.
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